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(54) Small antenna 

(57) A small antenna (1 0) characterized by compris- 
ing a first meander part (14a) formed in such a manner 
that a meander conductor travels to a first direction and 
having a first end and a second end, and a second me- 



ander part (14b) fonmed in such a manner that a mean- 
der conductor travels to a second direction different from 
the first direction and having a first end connected with 
the second end of the first meander part and a second 
end. 
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Description 

[0001] The present invention relates to a small anten- 
na used for a mobile telephone, a mobile information 
terminal, and a tenninal device of a wireless LAN (local 5 
area network) etc. 

[0002] Conventionally, an antenna in which the anten- 
na conductor is formed on a surface of a dielectric sub- 
strate in a meander shape (see Jpn. Pat. Appln. KOKAI 
Publication No. 10-229304) and the antenna conductor io 
is formed in a helical shape in the dielectric substrate 
(see Jpn. Pat. Appln. KOKAI Publication No. 10-98322) 
are well-l<nown as a small antenna which is used for a 
mobile telephone etc. 

[0003] However, when mounting the antenna on a cir- is 
cult board, it is necessary to mount the antenna directed 
to a certain direction to show an enough performance 
as an antenna in a conventional small antenna. There- 
fore, a conventional small antenna has a small freedom 
of selection of the mounting direction. Therefore, it is 20 
difficult to correspond to the plurality of models with one 
kind of antenna. Therefore, it takes time of the design, 
and the cost is raised. In addition, there is a disadvan- 
tage that an area necessary for mounting the antenna 
is enlarged since the conventional antenna should be 25 
away from the edge of the ground plate to some degree. 
[0004] In the antenna with a meander or hellcat an- 
tenna conductor, by providing the capacity addition part 
whose width of the conductor is wide to the tip of the 
antenna conductor (end portion being opposite side of 30 
the feeder part), since the length of the antenna conduc- 
tor can be shortened, it is known that the antenna is min- 
iaturized. 

[0005] However, the further miniaturization of an an- 
tenna is required in a cellular phone etc. ^5 
[0006] An object of the present invention is to provid e 
a small antenna, which has a high degree of freedom 
when mounting the antenna on a circuit board and is 
more miniaturized. 

[0007] A small antenna according to the present in- 40 
vention is characterized by comprising: a first meander 
part formed in such a manner that a meander conductor 
travels to a first direction and having a first end and a 
second end; and a second meander part formed in such 
a manner that a meander conductor travels to a second 45 
direction different from the first direction and having a 
first end connected with the second end of the first me- 
ander part and a second end. 

[0008] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- so 
vention may also be a sub-combination of these de- 
scribed features. 

[0009] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 55 

FIG. 1 is a perspective view of a small antenna ac- 
cording to the first embodiment of the present in- 



vention; 

FIG. 2A to FIG. 2C are figures showing an example 
of a method of attaching an antenna to a circuit 
board of FIG. 1 , and FIG. 2A is a plan view, FIG. 2B 
is a side view and FIG. 2C is a bottom view; 
FIG. 3A to FIG. 3C are figures showing another 
method of attaching an antenna to a circuit board, 
and FIG. 3A is a plan view, FIG. 3B is a side view, 
and FIG. 3C is a bottom view; 
FIG.4Ato FIG.4C is a figure showing a still another 
method of attaching an antenna to a circuit board, 
and FIG. 4A is a plan view, FIG. 4B is a side view, 
and FIG. 4C is a bottom view; 
FIG. 5 is a perspective view showing a small anten- 
na according to the second embodiment of the 
present invention; 

FIG. 6 is a perspective view showing a small anten- 
na according to the third embodiment of the present 
invention; 

FIG. 7 is a perspective view showing a small anten- 
na according to the fourth embodiment of the 
present invention; 

FIG. 8 is a perspective view showing a small anten- 
na according to the fifth embodiment of the present 
Invention; 

FIG. 9 is a perspective view showing a small anten- 
na according to the sixth embodiment of the present 
invention; 

FIG. 10A and FIG. 108 are plan views showing a 
preferable manner of a capacity addition part pro- 
vided to a small antenna of the present invention, 
respectively; 

FIG. 11 is a perspective view showing a small an- 
tenna according to the seventh embodiment of the 
present invention; 

FIG. 12 is a perspective view showing a small an- 
tenna according to the eighth embodiment of the 
present invention; 

FIG. 1 3A is a plan view of the conventional antenna 
used in the examination and FIG. 138 is a plan view 
of a antenna of the present invention; 
FIG. 14A and FIG. 148 are graphs showing results 
of measuring the resonance frequency of the anten- 
na of FIG. 13Aand the antenna of FIG. 138, respec- 
tively; 

FIG. 15A and FIG. 158 are figures showing the ex- 
ample of an experimental antenna according to the 
present invention, and FIG. 15A is a plan develop- 
ment view and FIG. 158 is a front view; 
FIG. 16A to FIG. 16D are plan views showing a 
method of attaching an antenna of FIG. 15A and 
FIG. 158 to the circuit board, respectively; and 
FIG. 17A and FIG. 178 are Figure which show the 
example of an experimental antenna according to 
the present invention, and FIG. 17A is a plan devel- 
opment view and FIG. 178 is a side view. 

[001 0] Hereinafter, an embodiment of the present in- 
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vention will be explained In detail referring to the draw- 
ings. 

[FIRST EMBODIMENT] 

[0011] FIG. 1 is a perspective view of a small antenna 
according to the first embodiment of the present inven- 
tion. The small antenna 10 according to the first embod- 
iment has a planar dielectric substrate 12, an antenna 
conductor 14 provided on a surface of the dielectric sub- 
strate 12, and a feeder terminal part 16 provided at a 
comer portion of another surface of the dielectric sub- 
strate 12. This antenna Is formed to have substantially 
a 1/4 wavelength of a transmission/ reception frequency 
signal. 

[0012] The antenna conductor 14 has a first meander 
part 14a and a second meander part 14b. The first me- 
ander part 14a is fomied in such a manner that the me- 
ander conductor travels from the first end (end portion 
of the feeder terminal part 16 side) arranged at the end 
portion of the substrate to a certain direction (direction 
of an arrow A of FIG. 1, that is, short side direction of 
the substrate). The second meander part 14b is formed 
in such a manner that the meander conductor travels to 
a width direction of the meander conductor of the first 
meander part 14a (direction of an arrow B of FIG. 1 , that 
Is, the substrate long side direction) from the second end 
(end portion of the substrate side is a first end) of the 
first meander part 14a. It is preferable to lengthen a con- 
ductor length of the second meander part 14a more than 
a conductor length of the first meander part 14b which 
is connected with the feeder terminal part 16 for the ob- 
ject of widening ratio width. It is also preferable that a 
meander width of the second meander part 14b is small- 
er than a meander width of the first meander part 14a 
for this object. In addition, the first end of the first me- 
ander part 14a is connected with the feeder terminal part 
16 through the side of the dielectric substrate 12. It is 
preferable that the pitch of the second meander part 14b 
is smaller than a size of the meander width of the first 
meander part 14a and a plurality of pitches are formed 
to the second meander part 14b along the meander 
width of the first meander part 14a. The second mean- 
der part 14b has about 5.5 pitches in the meander width 
of the first meander part 14a in this example. 
[001 3] For this object, it is preferable that the second 
meander part 14b is extended to an outside of a width 
direction of the meander conductor of the first meander 
part 14a. That is, a length size in the pitch direction of 
the meander conductor of the second meander part 14b 
becomes larger than a size of the width direction of the 
meander conductor of the first meander part 14a, and 
the tip posifion of the second meander part 14b is ar- 
ranged on the outside from the end portion in the width 
direction of the first meander part 14a. 
[0014] The fixed terminal parts 18 are provided to a 
plurality of portions (at three corner portions in the ex- 
ample shown In the figure) away from the feeder termi- 



nal part 16 in the surface of the feeder terminal part 16 
on the dielectric substrate 12. This fixed terminal parts 
18 are provided to fix the small antenna 10 to the circuit 
board by soldering. 

5 [0015] FIG. 2Ato FIG.4C are figures showing a meth- 
od of attaching the antenna 10 configured as described 
above to the circuit board. In FIG. 2A to FIG. 4C, the 
circuit board 20 comprises an insulation substrate 22. 
The circuit pattern (omitted in the figure) including a 

10 feeder line 24 is formed on one side of the insulation 
substrate 22, and the ground plate 26 is provided on the 
other side thereof. The antenna 10 is mounted on the 
circuit board 20 by soldering the feeder terminal part 16 
with the end portion of the feeder line 24, and by solder- 

15 ing the fixed terminal part 18 with the land 28 of the cir- 
cuit board 20. 

[001 6] FIG. 2A to FIG. 2C show an example of attach- 
ing the antenna to the projection part 20a of the circuit 
board 20 in such a manner that the long side of the an- 

20 tenna 10 is orthogonal to the edge 26h of the ground 
plate 26. The ground plate 20 is not provided to the pro- 
jection part 20a. This attaching method is the same as 
the method of attaching the conventional meander an- 
tenna (whose traveling direction is one direction and is 

25 directed to long side direction of the dielectric sub- 
strate). Naturally, since the ground plate is influenced 
hardly by the antenna, this attaching method can show 
an excellent performance in the small antenna 10 ac- 
cording to the present invention. 

30 [0017] In FIG. 3A to FIG. 3C, a part where the ground 
plate 26 does not exist in the rear surface of the circuit 
board 20 is provided. The antenna 10 Is attached on the 
other side of this part in such a manner that long side 
on the first meander part 14a side is con-esponding to 

35 the edge 26h of the ground plate 26. When attaching 
the conventional meander antenna in the direction 
where the traveling direction of the meander conductor 
becomes parallel to the edge of the ground plate, the 
conventional meander antenna cannot show the per- 

40 fonnance as the antenna when the antenna is not away 
more than a predetermined distance from the edge 26h 
of the ground plate 26. According to the antenna 10 of 
the present invention, the performance as the antenna 
can be shown sufficiently even in a case of attaching the 

45 antenna as shown in FIG. 3A to FIG. 3C. The reason is 
considered as follows. The traveling direction of the first 
meander part 14a of the meander conductor is orthog- 
onal to the edge 26h of the ground plate 26. The second 
meander part 14b becomes a state to be electrically 

50 separated from the edge 26h of the ground plate 26 than 
an actual space by the existence of the first meander 
part 14a. As shown in FIG. 3A to FIG. 3C, by attaching 
the antenna 10 so that the long side of the antenna 10 
is corresponding to the edge 26h of the ground plate 26, 

55 the circuit board 20 can be miniaturized, and the radio 
set machine can be miniaturized. 
[0018] FIG. 4A to FIG. AC are figures showing an ex- 
ample of providing a notched portion K, in which the 
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ground plate 26 is cut in the same size as the antenna 
10, at one corner portion of the circuit board 20, and 
attaching the antenna 10 in the opposite side thereof. In 
the conventional meander antenna, in order to show the 
performance as an antenna, it Is necessary that the 
notch part of the ground plate is larger than the size of 
the antenna and the antenna is away from the edge of 
the notch part of the ground plate, when the antenna is 
attached in such a manner. In contrast, even if the an- 
tenna Is attached in such a manner, the antenna 10 ac- 
cording to the present invention can show the sufficient 
performance as the antenna. It is considered that the 
reason Is similar to the case of FIG. 3A to FIG. 3C. That 
is, the second meander part 14b tiecomes a state to be 
electrically separated in a long distance from the edge 
Kl along the long side direction of the notch part K of the 
ground plate 26 by the existence of the first meander 
part 14a. In addition, the meander conductor traveling 
direction of the second meander part 14b is orthogonal 
to the edge Ks along the short side direction of the notch 
part K of the ground plate 26. The circuit board 20 can 
be miniaturized and the miniaturization of the radio set 
machine can be advanced furthermore when the anten- 
na is attached as shown in FIG. 4A to FIG. AC. 

[SECOND EMBODIMENT] 

[0019] FIG. 5 is a perspective view of a small antenna 
according to the second embodiment of the present in- 
vention. In FIG. 5, the same mark Is fixed to the same 
part as FIG. 1 . In the small antenna 10 according to the 
second embodiment, the ground terminal part 30 and 
the feeder terminal part 16 are provided on the surface 
of dielectric substrate 12, which is opposite to the sur- 
face, to which the antenna conductor 14 is provided, and 
are separated from each other along the meander width 
direction of the first meander part 14a. The first end of 
the first meander part 14a is connected with the ground 
terminal part 30, and the Intermediate part is conducted 
with the feeder terminal part 16. 

[0020] The ground terminal part 30 is soldered with 
the ground conductor of the circuit board, and the feeder 
terminal part 16 is soldered with the feeder line of the 
circuit board. The input impedance of the antenna 10 
can be adjusted by changing the position connected 
with the feeder terminal part 16 when the first end of the 
first meander part 14a Is grounded, and power Is fed 
from the intermediate part of the first meander part 14a 
as mentioned-above. That is, the input impedance low- 
ers when the conduction position with the feeder termi- 
nal part 16 is brought close to the ground terminal part 
30. The input impedance rises when the branch position 
of the feeder terminal part 16 is away from the ground 
terminal part 30. The position is adjusted that the input 
impedance becomes 50n usually. 



[THIRD EMBODIMENT] 

[0021] FIG. 6 is a perspective view of a small antenna 
according to the third embodiment of the present inven- 

5 tion. In FIG. 6, the same mark is fixed to the same part 
as FIG. 5. In the small antenna 10 according to the third 
embodiment, the antenna conductor 14 with the same 
pattern as that of FIG. 5 is embedded in the dielectric 
substrate 12. In the third embodiment, a configuration 

10 in which the antenna conductor 14 is placed t>etween 
the dielectric substrates 12 may be applied. 

[FOURTH EMBODIMENT] 

15 [0022] FIG. 7 is a perspective view of a small antenna 
according to the fourth embodiment of the present In- 
vention. The fourth embodiment is an embodiment 
when the present invention is applied to the helical an- 
tenna. The small antenna 10 according to the fourth em- 

20 bodlment comprises a rectangular parallelepiped die- 
lectric substrate 12 (showing transparent substrate, for 
convenience' sake), a helical the antenna conductor 32 
embedded in the dielectric substrate 12, a feeder termi- 
nal part 16 provided at one comer portion on the bottom 

25 of the dielectric substrate 12. 

[0023] The antenna conductor 32 has a first helical 
part 32a and a second helical part 32b. The first helical 
part 32a is formed in such a manner that the meander 
helical travels from the first end of the feeder terminal 

30 part 16 side to a certain direction (direction of an arrow 
A of FIG. 1 , that Is, short side direction of the substrate). 
The second helical part 32b is formed in such a manner 
that the helical conductor travels to the helical long di- 
ameter direction of the first helical part 32a from the sec- 

35 ond end of the first helical part 32a (direcfion of an arrow 
B, that is, the substrate long side direction). It is prefer- 
able that a conductor length of the second helical part 
32b is longer than a conductor length of the first helical 
part 32a for the object of widening the ratio band. It is 

40 preferable that a helical diameter of the second helical 
part 32b is smaller than a helical diameter of the first 
helical part 32a. The first end of the first helical part 32a 
is connected with the feeder terminal part 16 through 
the side surface of the dielectric substrate 12. A pitch of 

45 the second helical part 32b is smaller than a size of the 
helical long diameter of the first helical part 32a, and a 
plurality of pitches of the second helical part 32b are 
formed within the range of the helical long diameter of 
the first helical part 32a. 

50 [0024] The fixed terminal parts 18 are provided to a 
plurality of portions (to three corner portions in the ex- . 
ample shown in the figure) away from the feeder termi- 
nal part 16 on the surface of the feeder terminal part 16 
side of the dielectric substrate 1 2. The fixed temninal part 

55 1 8 is used to fix the small antenna 1 0 to the circuit board 
by soldering etc. 

[0025] The antenna according to the fourth embodi- 
ment can be used similar to the antenna of the first em- 
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bodiment. The input impedance of the antenna can be 
adjusted similar to the second embodiment if the first 
end of the first helical part 32a is connected to the 
ground terminal part and the intermediate part is con- 
nected to the feeder terminal part. 

[FIFTH EMBODIMENT] 

[0026] FIG. 8 is a perspective view of a small antenna 
according to the fifth emljodiment of the present inven- 
tion. In FIG, 8, the same mark Is fixed to the same part 
as FIG. 1 . The antenna 10 comprises a meander anten- 
na conductor 14 provided on an upper surface of a pla- 
nar dielectric substrate 12, a capacity addition part 14c 
which is provided continuously on the second edge of 
antenna conductor 14 and has a wide conductor width, 
and a feeder terminal part 16 provided on an under sur- 
face of the dielectric substrate 12 on the first edge side 
of the antenna conductor 14. The first end of the antenna 
conductor 14 is connected with the feeder terminal part 
16 through the side surface of the dielectric substrate 
12. The point, of which the fifth embodiment is different 
from the first embodiment, is only to comprise the ca- 
pacity addition part 14c, and a detailed explanation will 
be omitted. By providing the capacity addition part 14c. 
it is well-known to be able to shorten the conductor 
length of the antenna conductor 14, but a synergy effect 
can be obtained when the meander parts 14a, 14b with 
different meander direction, and the capacity addition 
part 14c are combined. That is, an antenna formed by 
forming the antenna conductor 14 having a plurality of 
meander parts 14a and 14b whose traveling directions 
of the meander conductors are different and connecting 
the capacity addition part 14c thereto is compared with 
an antenna formed by connecting the capacity addition 
part to the meander conductor whose traveling direction 
is one direction. If the length of the antenna conductor 
is the same, the resonance frequency of the antenna 
having the plurality of meander parts 14a and 14b 
whose traveling directions of the meander conductor are 
different is low. In other words, if the target resonance 
frequency is constant, the antenna conductor can be 
shortened and the antenna can be miniaturized. If the 
size of the antenna is assumed to be the same, since 
the antenna conductor 14 can be shortened, the pitch 
can be enlarged, the conductor interval can be widened 
and the bandwidth can be widened. 
[0027] The reason is considered as follows. 
[0028] Even if the capacity addition part is connected 
to the antenna conductor whose traveling direction of 
the meander conductor is one direction, there is a ten- 
dency to which the effect, which lowers the resonance 
frequency, becomes small when the meander frequency 
increases. But it has tieen understood that the reso- 
nance frequency is effectively lowered, when the 
traveling direction of the meander conductor is changed 
on the way even if the meander frequency increases. 
Therefore, if the antenna conductor is configured by the 



plurality of meander parts whose traveling directions of 
the meander conductors are different, the resonance 
frequency can be lowered than the case that the 
traveling direction of the meander conductor is one di- 
rection. It becomes possible to miniaturize the antenna. 

[SIXTH EMBODIMENT] 

[0029] FIG. 9 is a perspective view of a small antenna 
according to the sixth embodiment of the present inven- 
tion. In FIG. 9, the same mark is fixed to the same part 
as FIG. 8. The point of which a small antenna according 
to the sixth embodiment is different from a small antenna 
of FIG. 8 is an undermentioned point. 

(1) The capacity addition part 14c has a triangle 
shape in which the conductor width becomes wid- 
ened by being away from the tip part of the second 
meander part 14b. 

(2) The ground terminal part 30 and the feeder ter- 
minal part 16 are provided under the dielectric sub- 
strate 12 along the width direction of the meander 
conductor of the first meander part 14a and are sep- 
arated with each other similar to the second emt>od- 
Iment (Refer to FIG. 5). The first end of the first me- 
ander part 14a is connected with the ground termi- 
nal part 30, and the intermediate part is conducted 
to the feeder terminal part 16. 

[0030] The bandwidth can be widened when the ca- 
pacity addition part 14c is formed to a triangle as shown 
in FIG. 9. Not only the triangle as shown FIG. 9 but also 
various shapes can be applied as a shape of the capac- 
ity addition part 14c. For example, a pyramid-shape to 
which the width of the conductor extends in stages as 
FIG. 10A may be acceptable. A T-shape in which the 
width of the conductor is widened abruptly at a position 
which is away from the tip part in the second meander 
part 14b like FIG. 10B may be acceptable. Thus, the ef- 
fect which widens the bandwidth can be achieved by 
widening the tip part of the capacity addition part 14c. 



[SEVENTH EMBODIMENT] 

45 [0031] FIG. 11 is a perspective view of a small anten- 
na according to the seventh embodiment of the present 
invention. In FIG, 11 , the same mark is fixed to the same 
part as FIG. 9. A small antenna according to the seventh 
embodiment, the antenna conductor 14 and the capac- 

50 ity addition part 14c are embedded similar to the third 
embodiment in the dielectric substrate 12. 

[EIGHTH EMBODIMENT] 

55 [0032] FIG. 1 2 is a perspective view of a small anten- 
na according to the eighth embodiment of the present 
invention. In FIG. 12, the same mari< is fixed to the same 
part as FIG. 1 and FIG. 7. The third embodiment is an 
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embodiment in which the present invention is applied to 
the helical antenna similar to the fourth embodiment. A 
small antenna according to the eighth embodiment can 
be also used similar to a small antenna according to the 
fourth embodiment. 

[0033] A case of which the antenna conductor is con- 
figured by two meander parts (the first meander part and 
the second meander part) whose traveling directions of 
the meander conductors are different is explained in 
each above-mentioned embodiment. The present in- 
vention Is not limited to this, the antenna may have three 
or more meander parts whose traveling directions of the 
meanders are different (for example, the third meander 
part whose traveling direction of the meander conductor 
is different from an antenna of which the second mean- 
der part is provided at the tip part in the second meander 
part in etc.). In short, in the present invention, the an- 
tenna conductor may be configured only by the plurality 
of meander parts whose traveling directions of the me- 
ander conductors are different. It is similar to the helical 
the antenna conductor. 

[EXPERIMENTAL EXAMPLE 11 

[0034] First, to verify the effect by the shape of the 
antenna conductor according to the present invention, 
the antenna as shown in FIG. ISA and FIG. 13B is made 
for trial purposes. FIG. 13A is a conventional antenna 
whose traveling direction of the meander conductor of 
the antenna conductor is only one direction. FIG. 13B is 
an antenna according to the present invention whose 
traveling direction of the meander conductor of the an- 
tenna conductor is two directions. Both antennas have 
a meander part of the conductor length = 30 mm, line 
width = 0.2 mm and line interval = 0.2 mm, and the ca- 
pacity addition part of two equal size triangle of base = 
2.2 mm and height = 3 mm is attached in the tip part 
thereof. 

[0035] FIG. 14A is a result of which the resonance fi^e- 
quency of the antenna of FIG. 13A is measured, and 
FIG. 14B is a result of measuring the resonance fre- 
quency of the antenna of FIG. 1 3B. According to the re- 
sult, the resonance frequency of the conventional an- 
tenna shown in FIG. 13A is 3.01 GHz, and the reso- 
nance frequency of the antenna according to the 
present invention shown in FIG. 1 3B is 2.66 GHz. There- 
fore, it can be understood that the resonance frequency 
of the antenna according to the present invention be- 
comes lower than the conventional one by a large 
amount even if the sizes thereof are the same. There- 
fore, if it is the same resonance frequency, the antenna 
of the present invention can be miniaturized. 

[EXPERIMENTAL EXAMPLE 2] 

[0036] Next, the antennas as shown in FIG. 15A and 
FIG. 15B are made for trial purposes, A pattern of the 
antenna conductor 14 is similar to the embodiment of 



FIG. 9. A point different from the embodiment of FIG. 9 
is that two fixed terminal parts 18 are formed to connect 
with the second meander part 14b and the capacity ad- 
dition part 14c. These terminal parts are actually folded 

5 the bottom side of the dielectric substrate 12 as shown 
in FIG. 15B though the feeder tenninal part 16, the 
ground terminal part 30, and the fixed terminal part 18 
are shown in a shape to be developed in FIG. ISA. 
[0037] Thisantenna madefortrial purposes is for 2. 4 5 

10 GHz band bluetooth and has a size (size of the dielectric 
substrate 12) of 8 x 3 x 0.4 (mm). The conductor width 
of the antenna conductor 14 and the conductor interval 
are 0.2 (mm). The material of the dielectric substrate 12 
is ceramics plastic compound material with the permit- 

IS tivity of 20. 

[0038] The antenna 10 made for trial purposes is 
mounted on the circuit board in such a manner that the 
position with the ground plate may become FIG. 16A to 
FIG. 16D, and the performance of the antenna is meas- 

20 ured. Table 1 shows the result. 



Table 1 



ATTACHING METHOD 


BANDWIDTH (MHz) 


FIG. 16A 


290 


FIG. 16B 


239 


FIG. 16C 


115 


FIG. 16D 


124 



30 

[0039] The bandwidth of 83.5 MHz or more is request- 
ed to the antenna for 2.45 GHz band bluetooth. but ac- 
cording to Table 1, it is clear to satisfy this request 
enough even if the antenna of the present invention are 
attached by various scheme as shown in FIG. 16A to 
FIG. 16D. The bandwidth is defined as the range of the 
frequency which satisfies the relationship of VSWR < 2. 
[0040] In the conventional antenna, when the antenna 
is attached to the edge of the ground plate 26 from the 

^ side, for example, as shown in FIG. 16C, according to 
Yujiro Dakeya et al "Chip Multilayer Antenna for 2.45 
GHz-Band Application Using LTCC Technology" 2000, 
IEEE MTT-S International Microwave Symposium Di- 
gest (Boston Massachusetts 11 -16 June 2000), it is nec- 
essary to attach the antenna by separating it from the 
edge of the ground plate by about 3 mm or more to ob- 
tain the bandwidth of 83.5 MHz or more. In the antenna 
of the present invention, the bandwidth of 115 MHz can 
be obtained even when the distance from the end of the 

^ ground plate is 0. 

[0041 ] In the conventional antenna, when the antenna 
is attached to the circuit substrate not to project the an- 
tenna from the comer portion thereof, for example, as 
shown in FIG. 16D, it is preferable that the size of the 

^ notch part of the comer portion of the ground plate is 
assumed that the distance between the short side of the 
notch part and the antenna Is 2 mm or more and the 
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long side of the notch part and the antenna is 5 mm or 
more according to the Jpn. Pat. Appln. KOKAI Publica- 
tion No. 10-229304. In contrast, the antenna of the 
present invention can show the sufficient performance 
as the antenna even if the distance of the edge of the 
notch part of the ground plate and the antenna is 0 (even 
if the size of the notch part of the ground plate is the 
same as that of the antenna). 

[EXPERI (CENTAL EXAMPLE 3] 

[0042] The antenna which attached the second me- 
ander part 14b on the second end of the first meander 
part 14a side of the antenna conductor 14 is made for 
trial purposes as shown in FIG. 17Aand FIG. 17B. This 
antenna is formed to have substantially a 1/4 wave- 
length of a transmission/reception frequency signal, A 
point different from a small antenna of FIG. 15Aand FIG. 
15B Is as follows. 

(1) The extension part 14d is connected to the first 
end of the first meander 1 4a of the antenna conduc- 
tor 14 and is bent in a direction orthogonal to the 
first meander part 14a (direction of the pitch of the 
first meander part 14a) in an L-shape. And, the first 
end of the first meander 14a of the antenna conduc- 
tor 14 is extended on the side where the second 
meander part 14b is arranged. 

(2) Two fixed terminals 18 are fonned to connect 
with the first meander part 14a and capacity addi- 
tion part 14c and the terminal parts 16, 18, and 30 
are bent to outside in same plane as the bottom of 
the dielectric substrate 12 as show in FIG. 17B. 

(3) The capacity addition part 1 4c is formed in a rec- 
tangle shape. Even if the capacity addition part 14c 
is a rectangle like this, since the second meander 
part 14b is extended outside of the width direction 
of meander conductor of the first meander part 14a, 
the second meander part 14b can be connected 
with a center of the capacity addition part 14c and 
the function as capacity addition part 14c can be 
properly shown. 

[0043] Even if the antenna manufactured as men- 
tioned above is attached in various manners as shown 
in FIG. ISAtoFIG. 16D,the performance as the antenna 
can be shown enough. Especially, when the antenna is 
arranged in the notch part K of the ground plate 26 as 
shown in two-dot chain line in FIG. 17A, it is expected 
that the influence of the ground plate 26 can be de- 
creased furthermore, and substrate 22 can be further 
miniaturized. That is, when the traveling direction of the 
meander conductor of the meander antenna is parallel 
to the edge of the ground plate 26 as mentioned above, 
the distance from the end of the ground plate 26 should 
be made large in general. In the antenna according to 
this experimental example, the influence of the ground 
plate 26 to the second meander part 14b is buffered by 



the first meander part 14a and the influence of the 
ground plate 26 to the first meander part 14a it is buff- 
ered by the extension part 14d, therefore the perform- 
ance can be sufficiently shown as an antenna, even if 
5 the distance from end KI and Ks of the ground plate 26 
is shortened. 

[0044] In the example of the antenna, the terminal 
parts 18 and 30 may be use as the feeder terminal. 
[0045] As described above, the small antenna ac- 
10 cording to present invention is characterized by com- 
prising: a first meander part formed in such a manner 
that a meander conductor travels to a first direction and 
having a first end and a second end; and a second me- 
ander part formed in such a manner that a meander cen- 
ts ductor travels to a second direction different from the 
first direction and having a first end connected with the 
second end of the first meander part and a second end. 
With this configuration, it is preferable to comprise a 
feeder terminal part with which the first end of the first 
20 meander part is connected and is preferable to comprise 
a ground terminal part with which the first end of the first 
meander part is connected; and a feeder terminal part 
with which an Intermediate part in the first meander part 
is connected. 

25 [0046] Another small antenna according to present in- 
vention is characterized by comprising: a meander an- 
tenna conductor; and a capacity addition part whose 
conductor width is wide, provided to a second end of the 
antenna conductor, and the antenna conductor compris- 

30 es a plurality of meander parts whose traveling direc- 
tions are different. 

[0047] Another small antenna according to the 
present invention is characterized by comprising: a first 
helical part fonned in such a manner that a helical con- 

35 ductor travels to a first direction and having a first end 
and a second end; and a second helical part connected 
with the second end of the first helical part, formed in 
such a manner that a helical conductor travels to a di- 
rection different from the first direction, and having a first 

40 end connected with the second end of the first meander 
part and a second end. With this configuration, it is pref- 
erable to comprise a feeder terminal part with which the 
first end of the first helical part is connected and is pref- 
erable to comprise a ground terminal part with which the 

45 first end of the first helical part is connected; and a feed- 
er terminal part with which an intermediate part in the 
first helical part is connected. 

[0048] Another small antenna according to the 
present invention is characterized by comprising: a me- 

50 ander antenna conductor; and a capacity addition part 
whose conductor width is wide, provided to a second 
end of the antenna conductor, and the antenna conduc- 
tor comprises a plurality of meander parts whose 
traveling directions are different. 

55 [0049] In each of above small antennas, the following 
manners are preferable. The following manners are ap- 
plied solely or by combining them properiy. 
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(1) The antenna conductor (including first meander 
part and second meander part) Is provided on the 
surface of the dielectric substrate or In the dielectric 
substrate. 

(2) The first meander part (helical part) and the sec- 
ond meander part (helical part) are orthogonal. 

(3) The conductor length of the second meander 
part (helical part) is longer than the conductor length 
of the first meander part (helical part). 

(4) The meander width (helical width) of the second 
meander part (helical part) is smaller than the me- 
ander width (helical width) of the first meander part 
(helical part). 

(5) The pitch (helical pitch) of the second meander 
part (helical part) is smaller than the meander width 
(helical width) of the first meander part (helical part). 

(6) A plurality of pitches of the second meander part 
(helical part) are formed within the meander width 
(helical width) of the first meander part (helical part). 

[0050] As mentioned above, according to the present 
invention, it is possible to correspond to the plurality 
kinds of models with only one antenna, since the degree 
of freedom in the direction of the antenna to the ground 
plate is enlarged when the antenna is mounted on the 
circuit board. Therefore, a mass production is improved, 
and the cost reduction can be achieved. Since the an- 
tenna can be arranged close to the edge of the ground 
plate, it becomes possible to reduce an area necessary 
for mounting the antenna and it is valid in the miniatur- 
ization of the radio set machine. 
[0051] As explained above, according to the present 
invention, the meander antenna conductor or the state 
of helical is configured by the plurality of meander parts 
or the plurality of helical parts whose traveling directions 
of the meander conductors (helical conductors) are dif- 
ferent. Therefore, since the resonance frequency can 
be lowered, the length of the antenna conductor can be 
shortened as a result, and a small antenna having the 
capacity addition part can be further miniaturized. 



Claims 

1 . A small antenna characterized by comprising: 

a first meander part (14a) formed in such a 
manner that a meander conductor travels to a 
first direction and having a first end and a sec- 
ond end; and 

a second meander part (14b) formed in such a 
manner that a meander conductor travels to a 
second direction different from the first direction 
and having a first end connected with said sec- 
ond end of said first meander part (14a) and a 
second end. 

2. The small antenna according to claim 1 , character- 



ized by further comprising a feeder temiinal part 
(16) with which said first end of said first meander 
part (14a) is connected. 

5 3. The small antenna according to claim 1 , character- 
ized by further comprising: 

a ground terminal part (30) with which said first 
end of said first meander part (14a) is connect- 
to ed; and 

a feeder terminal part (16) with which an inter- 
mediate part in said first meander part (14a) is 
connected. 

15 4. A small antenna characterized by comprising: 



a first helical part (32a) formed in such a man- 
ner that a helical conductor travels to a first di- 
rection and having a first end and a second end; 
and 

a second helical part (32b) connected with the 
second end of said first helical part (32a), 
formed in such a manner that a helical conduc- 
tor travels to a direction different from the first 
direction, and having a first end connected with 
said second end of said first meander part ( 1 4a) 
and a second end. 
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5- The small antenna according to claim 4, character- 
ized by further comprising a feeder terminal part 
(16) with which said first end of said first helical part 
(32a) is connected. 

6. The small antenna according to claim 4, character- 
ized by further comprising: 

a ground terminal part (30) with which said first 
end of said first helical part (32a) is connected; 
and 

a feeder terminal part (16) with which an inter- 
mediate part in said first helical part (32a) is 
connected. 

7. A small antenna characterized by comprising: 

a meander antenna conductor (14); and 

a capacity addition part (14) whose con- 
ductor width is wide, provided to a second 
end of the said antenna conductor, wherein 
said antenna conductor (14) comprises a 
plurality of meander parts (14a, 14b) 
whose traveling directions are different. 



55 8. A small antenna characterized by comprising: 

a helical antenna conductor (32); and 

a capacity addition part (14c) whose conductor 
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width Is wide, provided to a second end of the 
said antenna conductor, wherein 
said antenna conductor comprises a plurality of 
hetlcal parts whose traveling directions are dif- 
ferent. ^ 

9. The small antenna according to any one of claim 1 , 
claim 2. claim 3 or claim 7, characterized in that 

a meander width of said second meander part to 
(14b) is smaller than a meander width of said 
first meander part (14a), 
a pitch of said second meander part (14b) is 
smaller than a meander width of said first me- 
ander part (14a), and ^5 
a plurality of pitches of said second meander 
part (14b) are formed in the meander width of 
said first meander part (14a). 

10. The small antenna according to any one of claim 4, 20 
claim 5, claim 6 or claim 8, characterized in that 

a helical width of said second helical part (32b) 
is smaller than a helical width of said first helical 
part (32a). 25 
a helical pitch of said second helical part (32b) 
is smaller than the helical width of said first hel- 
ical part (32a), and 

a plurality of pitches of said second helical part 
(32b) are f omied in the helical width of said first 30 
helical part (32a). 
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